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Sum mar y: Rooting in Vitis 140 Ruggeri rootstock appears to be correlated to the availability of soluble carbohydrates in the 
cuttings. This relationship was verified using stem cuttings collected from December to April by comparing those propagated after 
cold storage (C) with those collected directly in the field (F). The basal end of some of the cuttings of both groups (C and F) were 
dipped into deionized water before propagation (CW and FW). The mobilization of soluble carbohydrates paralleled with the pattern 
of the rooting process. In the cold stored material, rooting took place earlier than in the field material. The mobilization of soluble 
carbohydrates occurred at two stages: during the storage period at 2 oc (50% if compared with the cuttings collected in the field) and 
during the first 20 d of rooting. On day 20, the carbohydrate content was reduced by 80 %. Rooting and carbohydrate availability 
appear to be associated. 
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Introduction 
The formation of adventitious roots has been studied 
since the beginning of this century. However, there is still 
much controversy with regard to the nutritional require-
ments of the root (VEIERSKOV 1988; HAISSIG and DAVIS 1994). 
Rooting ability depends on genetic characteristics of 
the plant (HAISSIG and RIEMENSCHNEIDER 1988), environmen-
tal conditions (LEVITT 1980; SAKAI and LARCHER 1987; 
KuRKELA et al. 1988; MoE and ANDERSEN 1988; PEARCE et 
al. 1990), the exogenous supply of hormones and endog-
enous hormonal variations (BARTOLINI et al. 1986). In some 
cases, the ability to root can change over the years in the 
same plant and in the same species (HAISSIG and DAVIS 
1994). 
It appears that morphogenetic effects must be accom-
panied by chemical and physical cofactors, which also in-
terfere with the initial hormonal induction (BARTOLINI et al. 
1991). 
Many experiments have indicated that the source of 
carbohydrates is critical for rooting giving that, after auxin 
induction in tissue cultures, there is very reduced photo-
synthesis (GAUTHERET 1966; THORPE 1974). 
VEIERSKOV et al. (1982) and VEIERSKOV (1988) studied 
the rooting response in Pisum cuttings by changing the 
light cycle or by supplying carbohydrates to the stock 
plants. 
ALTMAN and WAREING (1975) and 0KoRo and GRACE 
(1976) showed the influence of leaves on the rooting proc-
ess as a result of their interference with carbohydrate me-
tabolism. 
This paper reports the influence of different experi-
mental approaches on both the rooting ability and the avail-
ability of soluble carbohydrate of Vitis rootstock 140 
Ruggeri cuttings. 
Material and methods 
Material and experimental 
c o n d i t i o n s : Cuttings from the rootstock 140 Ruggeri 
(V. berlandieri x V. rupestris), a difficult-to-root cultivar, 
cloned from mother plants, were studied. Four groups of 
cuttings were compared: 
Group I (cold-stored- C): cuttings of canes were col-
lected in October and cold-stored at 2 °C in a cold cham-
ber (polythene container) and treated with a fungicide 
(Benomil). 
Group 11 (in the field- F): cuttings were taken monthly 
directly from the field. 
Group Ill (C + dipping - CW) and IV (F + dipping -
FW): cuttings were taken from the two different groups C 
and F. Before rooting the basal end (2 cm) of each sample 
was placed in deionized water (10 ml per cutting for 24 h) 
at 18 °C, according to KAwASE (1971). 
The cuttings ( 100 per treatment; 5 replicates) were kept 
in a greenhouse and rooted in a perlite bed with basal heat-
ing (18-20 °C) and moistened by mist (5 s every 2 h) until 
day 60. 
The percentage of the rooted cuttings was recorded 
for all four groups and samples for carbohydrate analysis 
were collected on days 20, 40 and 60 after rooting. 
C a r b o h y d r a t e a n a 1 y s i s : The last 2 cm of 
the basal end of cuttings of the 4 groups were used. Sam-
ples were freeze-dried at -50 °C, stored at -20 oc and sub-
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sequently ground and extracted with ethanol (75 %) at pH 7 
at room temperature, 3 times over a 24 h period. The ex-
tract was filtered through a BIO-REX 5. The carbohydrate 
content was analyzed 3 times using HPLC, with a Waters 
Sugar-Pak 1 column, water as mobile phase. The flow rate 
was 0.5 ml/min and the temperature was 90 °C. A refrac-
tive index detector was employed. Sucrose, glucose and 
fructose were identified according to retention times of 
sugar standards (RoMANI et al. 1994 ). 
Rooting and carbohydrate values were calculated us-
ing Tukey's test (P<0.05). The amount of carbohydrates 
was expressed as mg g·1 dry weight. All measurements were 
repeated 3 times. 
Results 
Observations during the period Sep-
tember-February 1991 
P e r c e n t a g e o f r o o t i n g : Fig. 1 a shows the 
rooting ability of cuttings collected from November to 
April. The rooting values ranged from 80 to 95 % on day 
60; there were no significant differences among the groups. 
On day 40, the cuttings of all groups collected in January 
had not rooted. Those collected in February and March 
rooted earlier than the cold-treated cuttings. 
Variations in soluble carbohydrates: 
Fig. 1 b shows the amount of glucose + fructose present in 
the basal end of cuttings at the time when cuttings were 
prepared from the samples collected from November to 
April. The material collected directly in the field (F and 
FW) from December to February showed values which 
were 25 % higher than those of the cold-stored (C and 
CW) samples. Dipping (CW and FW) did not affect this 
pattern. 
Fig. 1 c shows the amount of sucrose in cuttings col-
lected from November to April. The pattern appeared to 
be the same as shown in Fig. 1 b. However, the highest 
sucrose values were noted in January/February for both 
types of cuttings, i.e. those collected directly in the field 
and those collected from cold-stored material, but the val-
ues of the stored material were 25 % higher. 
In Figs. 1 b and c, the values of C and CW decreased 
from December to March. This can possibly be explained 
by the earlier onset and end of the dormancy period of the 
cold-stored cuttings. 
Observations during the rooting 
period 
To evaluate the relationship between rooting ability 
and variations in extractable carbohydrates (glucose + fruc-
tose and sucrose) the material collected in December, Janu-
ary and February was chosen given that it had undergone 
the period of dormancy and after-dormancy. 
P e r c e n t a g e o f r o o t i n g : Fig. 2 (F, C, FW 
and CW) shows the rooting of cuttings in December, Janu-
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Fig. 1: Rooting ability and carbohydrates of cuttings. The data 
were recorded after 60 d of basal heating (data not significant 
among treatments). Treatments: collected in the field (F: 0), 
collected in the field and dipped (FW: e), collected from cold-
stored material (C: \7), collected from cold-stored and dipped 
material (CW: T). a: rooting ability as percent of cuttings col-
lected from November to April. b: Amount of glucose + fructose 
in cuttings collected from November to April. The letters corre-
spond to P<0.05 for each treatment. c: Amount of sucrose in 
cuttings collected from November to April. The letters corre-
spond to P<0.05 for each treatment. 
ary and February during a period of 60 d in a perlite bed. 
In December the material did not root at all. The cuttings 
prepared from cold-stored material started rooting in Janu-
ary. The dipping treatment appeared to enhance the proc-
ess slightly. 
In the material collected in December, the rooting took 
place after 110 d and only in a small number of samples. 
Mter day 40 only cold-stored cuttings showed an increase 
of the rooting ability. 
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Fig. 2: Rooting ability of cuttings collected in December (-), 
January and February, during a period of 40 d in a perlite bed. 
Note that the cold-stored (C) and cold-stored and dipped (CW) 
samples started rooting earlier than others. The dipping treat-
ment appeared to induce negligible differences in the rooting 
process. For treatments: see Fig. 1. The letters correspond to 
P<0.05 for each treatment. 
V a r i a t i o n s i n s o 1 u b 1 e c a r b o h y-
d r a t e s : Fig. 3 and 4 shows that at the onset of the 
rooting period the amounts of glucose + fructose and su-
crose in the cold-stored material were significantly lower 
than those in the cuttings collected monthly directly in the 
field. There were no significant differences between the 
two with regard to the dipping treatment in water. 
During the first 20 d of the rooting period, there was a 
general reduction of soluble carbohydrates in all samples, 
subsequently reaching the same value (20 mg g-1 d.w.) 
(Figs. 3 and 4). 
Discussion 
The response of the cuttings, collected from Decem-
ber to April, to the different treatments confirm that root-
ing is correlated to the large amount of soluble carbohy-
drates which suddenly decreases at the end of the dormancy 
period. During the first 20 d, the decrease of carbohydrates 
appears to correspond to the reactivation of the tissues lead-
ing to the formation of primordia. 
Cold storage appeared to tigger the mobilization of 
carbohydrates. After day 20, the amount of carbohydrates 
was similar in cold-stored cuttings and in those collected 
in the field. The mobilization of soluble carbohydrates in 
the cold-stored cuttings appeared to occur in two periods: 
during the treatment of the material and during the first 
20 d of the rooting period. 
The first mobilization of the carbohydrates within the 
cold-stored material induced a reactivation in the tissues. 
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Figs. 3 and 4: Amount of glucose+ fructose (above) and sucrose 
(below) of cuttings during the rooting period; collected in De-
cember (0), January (e) and February (\7) from material col-
lected in the field (F and FW) and collected from cold-stored ma-
terial (C and CW). The letters correspond to P<0.05 for each 
treatment. 
Thus, an earlier onset of the rooting process was possible 
when compared to those collected directly in field. The 
formation of meristemoids took place around day 10 and 
root primordia formation continued until day 40. 
The increases in carbohydrate availability after day 
30 were probably related to shoot formation of the cuttings 
and to root growth. The availability of carbohydrates may 
induce some anomalies in the developmental pattern. 
Therefore, we conclude that a large amount of carbo-
hydrates is essential to initiate and accompany the rooting 
process. During this process, the carbohydrates act as a 
source of energy and as constitutive elements for the newly-
formed cells. 
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